Abstract. Secreted protein acidic and rich in cysteine (SPARC) has a complex and pleiotropic biological role in cell life during disease. The role of SPARC in myelodysplastic syndrome (MDS) is not yet fully understood. In the present study, we investigated the role of SPARC protein overproduction in the proliferation and apoptosis of SKM-1 cells, an acute myeloid leukemia cell line transformed from MDS. SKM-1 cells were infected with the pGC-GV-SPARC vector. The cells were then assessed for proliferation and cell death following treatment with low-dose cytosine arabinoside (Ara-C). The microarray analysis results revealed that samples from SPARC-overexpressed cells compared to SPARC protein, in SKM-1 cells led to proliferation inhibition and promoted programmed cell death and these effects were greater when treated with Ara-C. The mRNA and protein expression levels of SPARC were detected by SPARC overexpression in cells treated with Ara-C resulting in a significant upregulation of the mixed lineage kinase domain-like (MLKL) gene expression and five other genes. The results showed that the necrotic signaling pathway may play a role when the two conditions were combined via the upregulation of the MLKL protein. MLKL upregulation in SPARC overexpressed cells treated with Ara-C, indicates necrosis as a possible cell death process for the SKM-1 cells under these stringent conditions.
Introduction
Myelodysplastic syndrome (MDS) is a diverse group of neoplastic bone marrow disorders, characterized by blood cytopenia, dysplasia in the cell morphology of bone marrow, and blood defects in the normal differentiation and proliferation of hematopoietic precursors (1) . MDS is a preleukemic pathological condition with a risk of transformation to acute myeloid leukemia of 30-40% (1-3). Chromosomal abnormalities are observed in 50-60% of patients with MDS, with the most frequent single cytogenetic abnormalities including del(5q), monosomy 7 or del(7q), trisomy 8 and del(20q) (2) .
One of the best characterized MDS-associated alterations is the del(5q) that occurs either as a stand-alone chromosomal alteration or in combination with other chromosomal abnormalities presenting a more complex phenotype (4, 5) . The del(5q) is found with a frequency of 10-15% in MDS patients and is a marker for a favorable outcome when this occurs as an isolated cytogenetic aberration (5-7), although it is associated with a poor prognosis in high-risk MDS and de novo AML (8) .
A common deleted region (CDR) has been identified covering the area of 5q31-32, where two alternative missing segments have been reported, one proximal deleted entity associated with advanced MDS conditions and a second distal deleted region associated with the 5q-deletion syndrome with better prognosis (9) . Loss of the CDR region ablates 44 genes and results in haploinsufficiency conditions for many of these gene products, where the levels of gene products are not sufficient for the physiological cell function. One of the genes in this area is the osteonectin (SPARC) gene, known to code for a secreted, counter-adhesive, matricellular protein (cysteinerich protein) with a diversity of biological functions associated with morphogenesis, remodeling, cell migration and proliferation (10) . The expression of the SPARC gene has been found to be variable in different cancer types. This expression is evidently high in breast and colorectal cancer (11, 12) , but low in prostate and lung cancer (13, 14) . Moreover, SPARC gene expression has been associated with the regulation of cell biology, at the level of proliferation and apoptosis, as well SPARC ectopic overexpression inhibits growth and promotes programmed cell death in acute myeloid leukemia transformed from myelodysplastic syndrome cells, alone and in combination with Ara-C treatment as with responses to immunoregulatory treating agents in a complex and not well-defined manner (15, 16) . In MDS, patients with a stand-alone del(5q) treated with lenalidomide, markedly upregulated SPARC gene expression during and after the treatment, resulting in proliferation inhibition and apoptosis of the cancer cells (16) . A beneficial effect has also been shown in CML patients where SPARC was increased during and for a long period after treatment with imatinib, which was shown to synergize with the drug to inhibit the growth of K562 cells (17) . By contrast, SPARC overexpression in CN-AML has been recently associated with adverse outcomes in patients and aggressive leukemia growth in murine models of AML (18) . In addition, haploinsufficiency of SPARC in the 5q-syndrome may increase the adhesion of the hematopoietic stem cells to the supporting stromal cells and provide a clonal advantage (19) . Cytarabine [cytosine arabinoside, (Ara-C)] is commonly used as a cytotoxic agent for the chemotherapeutic treatment of MDS. It is a pyrimidine antimetabolite that interferes with the DNA synthesis of cells in S-phase of the cell cycle via inhibition of DNA polymerase. In the clinic, it has been found that Ara-C cell apoptosis is dose-dependent and may play a role in cell cycle regulation by induction of quiescence in proliferating tumor cells (20) . It is used in low doses and often in combination with other therapeutic drugs, especially in patients with intermediate or high IPSS scores, who cannot tolerate high intensity chemotherapy or bone marrow transplantation (2) . It is also a viable option for treating patients with complex cytogenetic phenotype (21) . In the present study, we investigated the effects on cell proliferation and death responses of MDS/AML SKM-1 cells under two conditions: i) the SPARC gene overexpression and the resulting increase of its protein levels, and ii) their treatment with low levels of Ara-C, alone or in combination. We demonstrated that SPARC gene overexpression and increased protein levels resulted in inhibition of proliferation in SKM-1 cells and a concomitant increase of programmed cell death. Furthermore, we provide evidence that the SKM-1 cells may undergo cell death through an alternative to the classical apoptosis/necrosis pathways, that of necroptosis, showing overexpression of the major pathway protein, mixed lineage kinase domain-like (MLKL).
Materials and methods

Construction of recombinant SPARC-expressing lentivirus vector.
The construction of a recombinant lentivirus vector-expressing SPARC gene has been described in a previous study (22) . Briefly, SPARC cDNA was amplified by means of reverse transcription polymerase chain reaction (RT-PCR), using SPARC sequence-specific primers (Table I) and was subcloned into the lentiviral vector pGC-GV to develop a recombinant lentiviral construct designated as pGC-GV-SPARC (Jikai Biomedical Corp., Shanghai, China). The vector intrinsically carries the gene for GFP for detecting expression efficiency. According to the operation manual, packaging of the retrovirus in 293 cells, Lipofectamine 2000, phelper 1.0 and phelper 2.0 (Jikai Biomedical Corp.) were used. Supernatants were then collected for the determination of viral titers. A control empty lentivirus vector carrying the GFP gene NC-GFP-LV was used to infect SKM-1 cells.
Cell culture and infection protocol. The MDS/AML cell line SKM-1 was kindly provided by Professor Zhou at the Tongji Medical College, huazhong university of Science Technology and cultured in RPMI-1640 medium supplemented with 10% fetal bovine serum (Gibco-BRL, Grand Island, NY, uSA) in a humid atmosphere at 37˚C with 5% CO 2 . For the infection protocol, the cells were cultured in 6-well plates (10 6 cells/ml/ well), and infected with the lentivirus vectors at a multiplicity of infection (MOI) of 100 for 10 h. The cells were then washed and basic medium free of infecting particles was added. After 4 days, the cells were assessed under a fluorescence microscope and flow cytometry for the evaluation of transduction efficiency of the vector was used measurement of GFP expression.
Quantitative-PCR. Total RNA from each test group was extracted from cells using RNAiso Plus (Takara Biotechnology, Dalian, China) and used for cDNA synthesis. Each reaction contained 12.5 µl Taq (Takara Biotechnology), 1 µl of each primer (10 µmol/l), 2 µl cDNA template (50 ng/µl) and 8.5 µl ddh 2 O. PCR primers are listed in Table I . The cycling parameters used were: 97˚C for 5 min, 30 cycles at 97˚C for 1 min, 56˚C for 30 sec, 72˚C for 30 sec, and a final extension at 72˚C for 7 min. Quantitative qPCR was performed using an ABI PRISM 7500 Real-Time PCR system (Applied Biosystems, Foster City, CA, uSA). The total reaction composition was 25 µl: SYBR Premix Ex Taq II (12.5 µl), 1 µl of each primer (10 µmol/l), 2 µl cDNA template (50 ng/µl), and 8.5 µl of ddh 2 O. RT-PCR results were analyzed using Quantity One software (Bio-Rad, hercules, CA, uSA). The primers were Table I . qPCR primers used in this study. designed using Primer 5 software and synthesized by Takara Biotechnology (Table I) .
Cell proliferation assay. Cell proliferation was determined using the MTS assay. The cells were seeded in 5x10 2 cells/well in 96-well plates. The cells were divided into six groups: i) pGC-GV-SPARC-infected cells + Ara-C; ii) pGC-GV-SPARC-infected cells; iii) NC-GFP-LV-infected cells + Ara-C; iv) SKM-1 cells + Ara-C; v) NC-GFP-LV-infected cells; and vi) SKM-1 cells. The lentivirus vector pGC-GV-SPARC was used to overexpress SPARC in the infected SKM-1 cells and NC-GFP-LV served as the empty vector for the negative control. For the MTS proliferation assay, 20 µl of MTS (Promega, Madison, WI, uSA) was added to each well and incubated at 37˚C, 95% humidity and 5% CO 2 for 1 h. The optical density at 490 nm was read with an enzyme immunoassay instrument (Bio-Rad). Cell growth inhibition rate (%) was defined and calculated according to the formula:
The experiments were performed in triplicate and an average value was obtained.
Annexin V and 7-AAD apoptotic assay. The cells were collected (10 6 cells/ml) and washed twice with PBS, suspended in 200 µl binding buffer, 1 µl Annexin V-PE and 5 µl 7-AAD (KeyGen Biotech, Shanghai, China) for 15 min in the dark. The infection efficiency and cell death were determined by flow cytometry using the CellQuest software (BD Biosciences).
Western blot analysis. The cells were lysed in 100 µl RIPA buffer supplemented with 1 µl PMSF, and protein concentration of the lysate was determined using a BCA Protein Assay kit (Beyotime, Beijing, China). A total of 50 µg of protein per lane was separated by SDS-PAGE and transferred to PVDF membranes. The membranes were blocked with 5% skimmed milk for 2 h, then incubated overnight at 4˚C with primer antibodies (mouse anti-human monoclonal antibody, dilution, 1:1,000; Abcam, Cambridge, UK) for SPARC and β-actin followed by incubation with hRP-conjugated goat anti-rabbit (dilution, 1:1,000; ImmunoWay, Newark, DE, USA) for 1 h at 37˚C. The membranes were washed four times with TBST and developed using the ECL (Beyotime) method. Band intensity was analyzed using Quantity One software (Bio-Rad).
Affymetrix experiments and microarray data analysis.
Total RNA was extracted from the cells using TRIzol (Takara Biotechnology) and according to the manufacturer's instructions. The RNA samples examined were obtained from SKM-1 cells, SKM-1 cells treated with Ara-C, and pGC-GV-SPARC-infected cells treated with Ara-C. For each sample, 50 ng of total RNA were amplified and labeled with the Two-Cycle cDNA Synthesis and the Two-Cycle Target Labeling and Control reagent packages (both from Affymetrix, Santa Clara, CA, uSA) according to the manufacturer's instructions. The cell intensity calculation and scaling were then performed using GeneChip Operating software (GCOS). Data analysis was performed using GeneSpring 7.3 (Agilent Technologies, Santa Clara, CA, uSA) and the clustering analysis.
Statistical analysis. All results were expressed as the mean _ x ± SE and analyzed by GraphPad Prism 5 software and each experiment was repeated three times. The comparison among the groups was analyzed by one-way ANOVA. P-value <0.05 was considered statistically significant.
Results
Lentivirus-mediated SPARC overexpression by SKM-1 cells.
SKM-1 cells express a relatively high endogenous level of SPARC mRNA (22) . The expression of SPARC protein was multiplied ectopically in SKM-1 cells, to create a suitable in vitro model for the SPARC-overexpression experiments. SKM-1 cells co-cultured with the pGC-GV-SPARC lentivirus vector and the empty negative control vector (NC-GFP-LV), resulted in exhibition of the expression of GFP from the cells, 96 h after infection, demonstrating stable ectopic gene expression (Fig. 1A and B) . The efficiency of vector transduction was >67%, calculated from the flow cytometry results for GFP detection (Fig. 1C) . The qPCR of mRNA samples isolated from pGC-GV-SPARC infected SKM-1 cells, detected an increased number of SPARC transcripts of a magnitude of 15 times, when compared to normal SKM-1 and NC-GFP-LV-infected SKM-1 cells. The data were normalized to β-actin gene expression ( Fig. 2A) . This difference of increased SPARC gene expression in pGC-GV-SPARC-infected SKM-1 cells, reached high statistical significance (P<0.01) when compared to the normal SKM-1 cells and to cells expressing NC-GFPLV (Fig. 2C) . Although SPARC protein is secreted, western blot analysis on SKM-1 cells infected with pGC-GV-SPARC, confirmed overproduction of the SPARC protein. Protein extracts from the pGC-GV-SPARC cells had significantly higher SPARC proteins compared to the negative vector control cell line and the normal SKM-1 cells (Fig. 2B) .
SPARC overexpression from SKM-1 cells and SPARC overexpression combined with Ara-C treatment, inhibits SKM-1 cell proliferation. The proliferation rate of the SKM-1 cells when they ectopically overexpress SPARC protein and following administration of low-dose Ara-C was assessed at three different time-points. Cells that were stably transduced with pGC-GV-SPARC were tested for their proliferation efficiency and were compared with the same cells after treatment with a low dose of Ara-C and normal SKM-1 cells. Measurements were taken at 24, 48 and 72 h after treatment with Ara-C. A control group, SKM-1 cells after infection with the empty lentivirus vector was also assessed. A small proliferation inhibition was exerted on SKM-1 cells when infected with the empty lentiviral control vector (negative control). This inhibition was increased from 4.5% of the normal SKM-1 cells proliferation rate at 24 h, to 7% after 72 h (Table II) . Treatment of the same negative control cells with Ara-C resulted in a marked increase on proliferation inhibition to 25% at 24 h and to 44% at 72 h post-treatment. Similar results were obtained when normal SKM-1 cells were infected with Ara-C (Table II) . Notably, SPARC-overexpressing SKM-1 cells demonstrated a reduced proliferation rate of 16% of the normal cell proliferation rate at 24 h and 31% at 72 h without any treatment. The inhibitory effect of SPARC protein overexpression, closely resembled the one achieved by Ara-C treatment of normal SKM-1 cells. Moreover, SPARC-overexpressing cells when treated with low-dose Ara-C demonstrated an additive inhibitory effect, starting from 45% of the normal proliferation rate at 24 h and progressing to 62% at 48 h and reaching 76% at 72 h post-treatment. These results were statistically significant when compared to the negative control values (P=0.014). SPARC overexpression and Ara-C induce cell apoptosis in SKM-1 cells. having shown that SPARC overexpression results in proliferation inhibition, and that treatment with Ara-C resulted in an marked increase of this inhibitory effect, we investigated whether there is a corresponding apoptotic effect on the cells. Flow cytometric analysis for apoptosis of the SKM-1 cells and SKM-1 cells infected with empty vector control, showed no measurable apoptotic effect between them. By contrast, a 16% increase in apoptosis of pGC-GV-SPARC-infected SKM-1 cells was measured compared to the control groups (Fig. 3) . The increase in apoptosis cannot be attributed to the infecting vector, as the empty negative control vector did not measurably elevate the number of apoptotic cells infected. It is evident therefore, that overexpression of SPARC protein in pGC-GV-SPARC-infected SKM-1 cells exerts an apoptotic effect on the cells. having established an apoptotic relationship to the increased levels of SPARC, we determined whether overexpression of SPARC may influence the treatment effect of the pGC-GV-SPARC-transduced SKM-1 cells to Ara-C. We performed a flow cytometric analysis to evaluate cell death responses on SPARC-overexpressing SKM-1 cells after treatment with Ara-C. We found that >70% of cells die 24 h after treatment, which is a >20% increase of death in normal SKM-1 cell numbers treated with Ara-C (P<0.05). Gene transcription responses to Ara-C exposure. Our experiment was based on a comparison of two study groups: SKM-1 cells treated with Ara-C and SPARC-overexpressing SKM-1 cells treated with Ara-C. Analysis of the microarray results showed the upregulation of expression in 566 genes and downregulation in 106 gene transcripts levels (Fig. 4) . The three genes with a high upregulation and the three downregulated genes, according to their relevance to cell death and disease were selected for further investigation. These genes were: MLKL, CD164 sialomucin-like-2 (CD164L2) protein, galanin receptor 3 (GAlR3), 5'-nucleotidase cytosolic II (NT5C2), elongator acetyltransferase complex subunit 5 (ELP5) and afamin (AFM). The CD164L2 protein has been associated with essential hypertension in a recent study (23) and was found to be highly overexpressed in our results. GAlR3, the activation of which promotes adult neural stem cell survival in response to a diabetic milieu (24) was also highly overexpressed. Of note, the MLKL gene transcripts were 8-fold higher in the SPARC-overexpressing cells, the MLKL gene has a key role in a programmed cell death known as necroptosis. Of some importance in the AML transformed from the MDS cell model system, may be the underexpression of NT5C2, which has been previously involved in the relapse of acute lymphoblastic leukemia in patients (25) . In the present study, the NT5C2 expression levels were decreased in SPARC-overexpressing SKM-1 cells following Ara-C treatment. ELP5 was found to have significantly less transcripts in SPARC-overexpressing cells. ELP5 was initially identified as a component of a hyperphosphorylated RNA polymerase II (RNAPII) holoenzyme isolated from budding yeast chromatin and subsequently from human melanoma cells (26) . AFM, one of the newest members of albumins, is considered a good prognosis marker in ovarian cancer (27) (28) (29) . The mRNA expression levels of these genes were tested by qPCR to validate our microarray results. As shown in Fig. 5A and B, the RT-PCR results were in agreement with the alterations in gene expression, as was evident from the microarray experiment results, for all six genes.
Discussion
There is abundant evidence of the role of SPARC in hematological and other malignancies, however, this is complex and differential according to the cell type and the malignancy entity (16, 18, 30) . upregulation of the SPARC gene expression levels has been associated with the immunotherapeutic agent, lenalidomide, when treating patients with MDS characterized by the chromosomal deletion in the 5q-segment (30) . Further association of SPARC expression to MDS treatment management has yet to be established. In a previous study (22) , we developed a lentiviral vector carrying a short hairpin RNA silencer for the SPARC gene and we employed this RNA interfering technology to knock down SPARC expression in SKM-1 cells. SPARC knockdown inhibited the proliferation of SKM-1 cells by inducing cell cycle arrest at the G1/G0 phase and apoptosis through p53 elevation of caspase-9 and -3 and Fas at the mRNA and protein levels.
In the course of this present study, we constructed a SPARC-expressing lentiviral vector (pGC-GV-SPARC) and used it to stably transduce the MDS/AML SKM-1 cell line, in order to achieve ectopic overexpression of the SPARC protein.
The SKM-1 cell line that was selected for infection is an MDS transformed to AML cell line, characterized by karyotypic pathological findings including del(9q), i(17q) and t(17p), but not carrying a 5q-deletion. Following transduction by infection of the pGC-GV-SPARC vector into the SKM-1 cell line, >60% of the cells were found to ectopically stably express the GFP protein proving the correct function of the construct and the promoter of the vector.
Upregulation of the SPARC mRNA levels was verified by qPCR against the normal SKM-1 SPARC mRNA levels and with those of the infected cells with an empty negative control vector. Overexpression of the SPARC protein was detected and confirmed by western blot analysis. The presence of increased SPARC protein in the cells was repeatedly associated with a recorded inhibition of the proliferation of the SKM-1 cells transduced by the pGC-GV-SPARC vector, in comparison to normal SKM-1 cells and SKM-1 cells infected with an empty vector. The results from the MTS assay that was used for measuring the proliferation rates, suggested a possible increase in the apoptosis of the pGC-GV-SPARC-infected cells. Further assessment of the apoptotic status of the pGC-GV-SPARC-infected cells by flow cytometry and microscopy demonstrated a significant increase in the number of pro-apoptotic and dead cells of the transduced cell line, their numbers reaching 30% of the cells tested. This result paralleled the observed inhibition of the proliferation effect that SPARC overexpression exerted on the cells. Empty vector-infected cells that were used as a negative control demonstrated minimal or no increase in apoptosis of the cells, thus excluding the factor of lentiviral vector infection as the causing agent of death. Of note, these results differ from the recent findings in AML patients and cells where it has been shown that an increased level of SPARC expression either ectopically in vitro, or when detected in ex vivo primary leukemic blasts from AML patients, contributes to leukemia growth in vitro and aggressive disease in vivo (18) . By contrast, the results from this and a previous study (22) , exhibit proliferation inhibition and increased cell death after SPARC overexpression or silencing in the AML/MDS SKM-1 cell line. These contradicting results of SPARC involvement in the biology of different cell types, underscores the pleiotropic function and effects of SPARC protein in the cell life cycle and its complex role in disease where its involvement is unique sometimes promoting growth and survival, whereas it may also lead to inhibition of proliferation and apoptosis.
having established that proliferation was inhibited and apoptosis was promoted in the AML/MDS SPARC-overexpressing cell model, we assessed the effects of treatment of the cells with Ara-C, a chemotherapeutic agent used in the clinical management of high-risk MDS patients. Notable finding from our control samples was the small or absence of difference between the apoptotic effect of SPARC overexpression in the cells alone, and the treatment of normal SKM-1 cells with Ara-C. The two groups exhibited increased cell apoptosis close to 20-30% of the cells, demonstrating a similar apoptotic effect from the treatment of the normal SKM-1 cells with Ara-C and that of SPARC overexpression. Results of the flow cytometric analysis showed that apoptosis of SPARC-overexpressing cells following treatment with Ara-C increased 50% from the non-treated controls and 30% from the normal SKM-1 cells when treated with Ara-C. These conditions, suggested a synergy of the mechanisms leading to cell death or possibly a sensitization effect of one of the two conditions to the other.
In our microarray comparison study between SKM-1 cells treated with Ara-C and SKM-1 cells overexpressing SPARC and treated with Ara-C, we identified that the MLKL gene was extensively upregulated in the SPARC-overexpressing cells when treated with Ara-C. MLKL is a major component of the TNF-induced suicidal signaling pathway known as necroptosis (31) . This is a condition of programmed cell death that is characterized by an increase in intracellular Ca 2+ , generation of reactive oxygen species (ROS), intracellular acidity, depletion of ATP, and, eventually, plasma membrane rupture (31, 32) . The process of necroptosis remains largely elusive, but it is known to involve the formation of the ̔necrosome', a multiprotein complex mainly comprising the proteins RIPK1, RIPK-3 and MLKL. Following the phosphorylation of MLKL from RIPK3 (32), while part of the necrosome, MLKL translocates by means of lipid rafts to the plasma membrane and triggers the influx of Ca 2+ through TRPM7 ion channels, a process that disrupts the integrity of the plasma membrane, ultimately leading to cell death (33) . In the microarray results, we found that MLKL gene expression was upregulated >8 times in the SPARC-overexpressing cells treated with Ara-C compared to the normal SKM-1 cells treated with Ara-C. It is therefore possible that SPARC overexpression from cells treated with Ara-C drives the cells to the process of necroptosis. Considering that SPARC is a secreted protein, it remains unclear whether such an effect may be exerted intracellularly to the SPARC-overexpressing cells or after secreted SPARC protein acts on targeted cells, effectively activating the TNF-induced necroptosis to these cells. This programmed cell death has been involved in hematological malignancies, when chronic lymphocytic leukemia cells were reported to have defects in components involved in the regulation of necroptosis such as RIP3 and the deubiquitination of cylindromatosis (CYLD), an enzyme directly regulating RIP1 ubiquitination (34) . Examination of our microarray data for the behavior of the remaining known necroptosis pathway players, those of RIP1, RIP3, and caspase-8, showed no difference in the expression levels as compared to the normal levels. Another noteworthy finding was the significant decrease in NT5C2 gene expression. This gene encodes for a hydrolase that is involved in the cellular purine metabolism by acting primarily on inosine 5'-monophosphate and other purine nucleotides. A direct relationship was demonstrated between acquired somatic mutations and chemoresistance to a specific class of drugs used in treatment, those of the purine analogues 6-MP and 6-TG, but not across other cytotoxic agents including Ara-C. Previous results have shown that NT5C2 expressed in blast cells predicts survival in acute myeloid leukemia patients treated with cytarabine, suggesting NT5C2 is involved in Ara-C metabolism (35) .
In conclusion, we present evidence that SPARC overexpression drives SKM-1 cells to the inhibition of proliferation and apoptosis, a condition that was also achieved in our previous study by silencing SPARC expression in the same cells. Treatment of SPARC-overexpressing SKM-1 cells with Ara-C results in an additive or even synergistic effect on the programmed cell death leading to a substantially increased number of dying cells, compared to what is achieved with each condition alone (SPARC overexpression or Ara-C treatment). The process may involve an alternative pathway of cell death other than apoptosis, such as the necroptosis pathway of programmed cell death, mediated by the protein MLKL which was found to be highly overexpressed in our microarray results. In combination with the results from a previous study, these results suggest that SPARC protein has a complex role in cellular biology, acting in alternative pathways of programmed cell death depending on the stringency of the stress conditions of the cellular environment. It becomes evident that the lack and overexpression of the SPARC gene are two conditions driving the AML/MDS SKM-1 cells to programmed cell death, possibly through alternative signaling pathways.
